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1. Climatology.-The month of August, 1930, was characterized by a severe heat wave. The average shade temperature in Baghdad for the whole month was 114 * 4°. The peak was reached about August 5th and 6th, when for three days the shade temperature reached 1200.
In the Basrah-Shaibah area high temperatures were also recorded, the average daily shade temperature for the month being 115. 30, with a peak of 1200 F. to 1220 F. between August 5th and 8th, 1930.
Meteorological charts are appended for both the Baghdad and Shaibah districts, but figures for Basrah were not available; this latter is unfortunate in view of itr notoriously high humidity, and the marked difference in the incidence of heat exhaustion and heat hyperpyrexia in the Baghdad and Basrah areas.
The summer of 1931 was one of the coolest on record for Iraq; the maximum recorded shade temperature for Hinaidi was only 115.90F. on July 20th and in consequence only one severe case of heat hyperpyrexia occurred.
II. Case incidence of effects of heat.-Baghdad area. Twenty-seven cases (twentysix airmen and onenursing sister) of heat exhaustion occurred at Hinaidi, and eighteen or 66 -6% occurred on August 7th or 8th at a time when the shade temperature had persisted at 1200 F. for three days. 62 -9% of these cases occurred amongst personnel employed on sedentary occupations in offices, etc. In 48% of these cases there was no history of exposure to the sun, eight were teetotalers, and seventeen had not completed one hot season in Iraq. The main symptoms were vomiting (18 cases), dizziness (13), constipation (11), cramps (6), suppression of urine (4), anidrosis (3).
Three cases of heat hyperpyrexia occurred, and in no case had there been any exposure to the sun. Basrah area. Three cases of heat exhaustion and four cases of heat hyperpyrexia ocdirrred.
III. ,Atiology.-At iinaidi our experience has shown that the critical temperature is somewhere in the region of 119-120°F., and that the factor of humidity does not appear to enter into the question to any marked extent, as the humidity percentage here remained low throughout. The large percentage of cases in which there is no history of exposure is suggestive, and points to the fact that a high temperature per se will bring about heat exhaustion and hyperpyrexia in susceptible subjects in the absence of direct exposure to the rays of the sun. The pathogenesis of these cases appears to be of the nature of an auto-intoxication due to the failure of the excretory organs to get rid of the products of metabolism. In heat exhaustion this is evidenced clinically by a prodromal period of malaise, weakness, constipation and diminution of urine. This stage persists for from one to three days, and is followed in severe cases by collapse. The patient shows all the signs and symptoms of profound shock; this may possibly be due to the presence of some substance allied to histamine, which has been produced in the body as a result of faulty 'iz It metabolism. The analogy to superficial burns is striking and suggests a similar pathology. In this connection Cramer's work on the production of heat hyperpyrexia in animals by the injection of /8-tetrahydronaphthylamine is significant. The symptoms of shock gradually merge into a condition of acidosis. The work of Hall and Wakefield on dogs, and the experience of Marsh in cases of heat stroke in the Persian Gulf, have shown that the following uniform changes occur in heat hyperpyrexia.
(a) There is a uniform increase in blood lactic acid. (b) The plasma carbon dioxide is reduced in consequence. (c) Twenty-four hours after the initial attack of hyperpyrexia, the blood urea increases probably on account of damage to renal parenchyma. (d) Diminution in man of blood chloride and urinary chlorides. This diminution is absent in non-sweating animals.
Willcox reports that in a few cases acetone and diacetic acid were present in the urine of cases of heat hyperpyrexia.
The abdominal and muscular cramp, which are such a distressing feature in many cases of heat exhaustion, yielded with dramatic suddenness to intravenous injections of sodium bicarbonate. These cramps are probably due to the accumulation of lactic acid in the system, and are possibly directly comparable to the muscular cramps that assail athletes after severe exercise, Recent experiments on rabbits carried out by Dr. F. Marsh, of the Anglo-Persian Oil Company, have shown that, as long as the body is kept cool, the shaved head of a rabbit can be exposed to the direct rays of the tropical sun with impunity, although control animals invariably died from hyperpyrexia when this precaution was not taken. It is very suggestive that in the Hinaidi series of cases, as already stated, there was no history of exposure to direct sun-rays, and in both the Baghdad and Basrah areas all the heat hyperpyrexia cases occurred amongst men working indoors. This appears to point to the fact that it is the combined infra-red and yellow rays that do the damage, and not the ultra-violet rays.
Heat hyperpyrexia and heat exhaustion are due to general " parboiling" and not to any mysterious property in the rays of the sun. I have spent many hours bathing, bareheaded, in the height of the summer in Iraq with no ill effects, nor have I ever heard of any cases of hyperpyrexia arising in this manner. The solar topee is of value purely as a cooling agent, and the reason why bareheaded individuals are liable to suffer ill effects from exposure to the sun is simply due to the local parboiling of the blood in the brain raising the general temperature of the blood circulating in the body; this is true of healthy individuals in those already hyperthermic; as Sir Charles Martin has pointed out, there may be a direct heating effect on the brain itself. " Such a local addition of radiant energy to an already heated brain may be the explanation of cases of people who certainly were not sufficiently hyperthermic to be suffering from heat stroke, but yet became very ill with meningeal symptoms. Such cases are described in the literature. My interpretation of these cases is that they are due to a local parboiling, not to general hyperthermalism." This quotation provides, I think, the clue to the diversity of symptoms and syndromes in the literature which tend to obscure the clinical picture. There must have been during the war a high incidence of so-called " heat strokes " resulting from the effects of high atmospheric temperature and exposure to the sun, occurring amongst undiagnosed cases of malaria, sandfly fever, enterica and other toxwmias.
IV. Nomenclature.-There appears to be no hard-and-fast line between severe heat exhaustion and heat stroke. In fact it would be advisable to abolish the latter term and substitute the term heat hyperpyrexia in its place. Heat exhaustion cases of the severe acidosis type will, if untreated, pass on to heat hyperpyrexia, and once the rectal temperature reaches 108°F., in exhaustion cases, coma, convulsions, etc., ensue, and the clinical picture is altered to that of hyperpyrexia, although the essential pathology appears to be the same. In some of these cases the patients 23 United Services Section 1265 developed heat hyperpyrexia without suffering from any of the symptons of heat exhaustion; this was probably due to an inherent instability of the heat centres in the individual concerned producing an early and initial anidrosis, but the disproportion between the incidence of heat exhaustion and hyperpyrexial cases in the Baghdad and Basrah areas points to a meteorological factor also being concerned.
In my opinion the disproportion is due to the notoriously high humidity present at Basrah which tends to inhibit sweating. Unfortunately, no meteorological data for Basrah were available. What is often described as heat exhaustion is merely syncope.
V. Epidemiology.-It is well known that heat hyperpyrexia is especially prevalent in certain endemic zones. This is probably due to the fact that it is only in these zones that a constant high temperature is maintained over a period of time long enough to produce the metabolic changes that initiate the condition. The immunity in temperate zones from heat hyperpyrexia amongst furnace workers, stokers, etc., who in many instances are subjected to much higher temperatures than are found under natural conditions in the tropics, is due to the fact that they only work in short shifts. The break and return to a cooler atmosphere give their excretory organs ample opportunity of getting rid of the accumulated products of metabolism. That this is so is clearly shown by the experience gained by the medical officers of the Anglo-Persian Oil Company in southern Persia, where an artificially cooled ward kept at a temperature of 60°F. is used for the treatment of heat-exhaustion and heat-stroke cases; they report that cases admitted to this ward suffering from severe heat exhaustion-i.e., frequent vomiting, abdominal uneasiness, muscular cramps, diminution of urine, etc.-have often, within an hour, been relieved of all symptoms.
VI. Heat exhaustion.-(a) Clinical features. In most cases the actual onset was sudden, but there had been a premonitory stage, during which the patient complained of anorexia, weakness of the legs, beadache and constipation, which lasted for three or four days, and was followed by sudden collapse in the severe cases. In many instances this collapse occurred at night and bore no relation to exertion. The patient in this stage showed all the symptoms of shock. As the immediate shock passed off, persistent and severe vomiting ensued, the vomitus eventually becoming bile-stained. The patient was pale, bathed in cold, clammy perspiration, mentally apprehensive, and in many cases in acute discomfort, due to violent cramps in the abdominal and leg muscles. Perspiration was, as a rule, profuse in this stage, but later on a certain proportion of the patients suffered from anidrosis. The urine was invariably diminished in quantity; in the severe cases there was retention and partial suppression, only dI to 2 oz. being drawn off in the twenty-four hours by catheter. An increase in the quantity of urine passed was always an early favourable sign of recovery. The axillary and mouth temperatures were often normal or subnormal, but the rectal temperature was invariably raised--usually to about 1010 F. As the patient responded to treatment and the vomiting and cramps ceased, so pari passu, the mouth temperature rose, and a slight pyrexia appeared, which lasted for two or three days. In some cases headache persisted a week or ten days after convalescence was established.
(b) Mental changes. In one case, although there was no hyperpyrexia and the temperature was only 98. 4 by mouth and 10O 40 by rectum, there was maniacal delirium, and it was found necessary to anesthetize the patient in order to administer an intravenous injection. Twelve hours later that patient was perfectly normal in every way.
(c) Pathology. Fortunately, no deaths occurred amongst the heat exhaustion series. Blood smears were taken in every case, and blood cultures and counts carried out in selected cases. One case of malignant tertian malaria was detected, and in another case, that of a nursing sister, although blood cultures were negative, persistent temperature led to further investigations being carried out, and Bacillus Proceedings of the Royal Society of Medicine typhosus was isolated from the stools on the tenth day, and from the blood during a relapse. UDfortunately, owing to the pressure of work, no estimations of blood urea or lactic acid, etc., were carried out during the epidemic; blood urea estimations have since been carried out on the severe cases before discharge from hospital, and no case of permanent renal damage has been detected, though in one case the blood urea was slightly raised one month after recovery.
(d) Treatment.-(1) Preliminary purgation and treatment for shock; (ii) the following mixture was given hourly for the first twenty-four hours: glucose, 1 drachm; sodium bicarbonate 15 gr.; water up to 1 oz. In certain cases where this was not well tolerated, potassium citrate 25 gr. was given instead. If neither of these was retained, from 1 to 1J pints of 2% of sodium bicarbonate in saline was given intravenously. This was combined with 5% glucose in certain cases, apparently with benefit. The effect of the intravenous injection was dramatic, the vomiting ceased, the cramps in the muscles actually ceased in one instance whilst the transfusion was being carried out, and in every case within forty-eight hours the patient was practically convalescent. One transfusion sufficed in every instance.
VII.-Heat hyperpyrexia.-(a) Clinical features. There were seven cases of heat hyperpyrexia, three at Hinaidi and four in the Basrab area. (See Tables I   and II .)
The striking point is that in no case was there any history of exposure to the direct rays of the sun. It is of interest that in the case that occurred in the R.A.F. General Hospital, Hinaidi, the temperature of the ward at the time reached 1000 F., whilst the patient-a plethoric and alcoholic individual-was admitted suffering from sand-fly fever with a temperature of 1030 F., and appeared to be on the verge of delirium tremens as evidenced by marked tremor, slurring of speeeb, restlessness and insomnia; he was therefore the worst possible subject.
(b) Therapeutic measures.-Great difficulty was experienced at the R.A.F. General Hospital, Hinaidi, in keeping the wards sufficiently cool. In spite of lavish supplies of ice and the free use of fans, it was difficult to keep the temperature below a minimum of 1000 F. during the peak of the heat wave. This undoubtedly increased nursing difficulties and threw an extra strain on the patients. For example, in one case, for ten days the rectal temperature rose to 1080 F. from one to three times in the twenty-four hours, entailing repeated ice sponging, ice enemata, etc. Ultimately a cool air chamber was devised by hanging sheets over his bed on cradles, and suspending ice in water-proof bags from the centre. The tunnel thus made was left open at both ends, and a large table fan at the patient's head blew cooled air through, keeping it at an even temperature of 890 F. By these means his temperature was kept between 990 F. and 1020 F., and he ultimately recovered.
An artificially cooled ward kept at 600 F., such as that referred to (p. 23), would have been invaluable in the treatment of these cases. The treatment of this condition is to reduce the temperature as soon and as effectually as possible by the application of cold; iced enemata are not recommended as they interfere with the taking of the rectal temperature, and the rectal temperature affords the only certain index as to the moment to initiate therm-antidote measures.
Intravenous injections of alkalies and glucose were disappointing in their results in these cases; in marked contradistinction to their striking success in heat exhaustion, their value in heat hyperpyrexia is prophylactic, not curative. The essential factor is the provision of a specially cooled ward. Profiting from our experience in 1930, attemrpts were made in 1931 to improvise artificial methods of cooling, and a considerable measure of success was finally achieved. The radiator of a Leyland lorry was kept filled with ice, and a fan drove air through this radiator by means of a tunnel into a small one-bedded bunk. By this means a constant temperature of 82°F. was obtained in this room at a time when the general ward temperature rose to 950 F. An opportunity arose in July, 1931, of testing the value of this ward. A severe case of heat hyperpyrexia was admitted. Untted Services Section 1269 Patient was a non-commissioned officer, aged 38, who had served in Iraq for twenty-seven months. He worked as a storekeeper in an indoor job. His working hours were from 7 to 12 a.m., and he had taken no exercise for the last year. He drank about eight pints of heavy English beer a day. On July 29, 1931, he noticed some abdominal uneasiness, and had been feeling off colour for two from to three days. On July 30 he vomited three or four times, and noticed some frequency of micturition. He reported sick, and was admitted to hospital in a collapsed state the same day.
Condition on admission..-A fat, plethoric alcoholic. Face congested, pupils contracted, breathing stertorous, skin dry and hot, kneeand ankle-jerks absent. Heart, lungs and abdomen normal. Blood-pressure, 180/90. Mouth temperature, 104.80 F. Rectal temperature, 1079 F.
The patient was ice-sponged, and his temperature fell to 1040 by mouth and 105°per rectum. He was given a magnesium sulphate enema with excellent results, and was placed on sodium bicarbonate 10 gr., and glucose by mouth hourly. Unfortunately, owing to a mistake, a specimen of urine was not saved for examination. Blood-films were taken, and were negative for malaria. Blood-culture taken. 31.7.31. Improved considerably. Mouth temperature, 1030. Rectal temperature, 1040. Urine alkaline. Sodium bicarbonate and glucose mixture four times in the twenty-four hours. Blood-film negative for malaria. Prevention of heat hyperpyrexia in fever cases in hospital.-(1) Provision of an artificially cooled ward. (2) Potassium citrate lemonade made by adding from 10 to 15 grains of potassium citrate to a glass of home-made lemonade. A pint of this was given three times a day to all pyrexial cases.
This scheme was adopted early in the summer as it was found that the urine in many sand-fly fever cases was intensely acid, full of albumin and containing casts and red blood-corpuscles.
The lemonade was given as a routine in every case of pyrexia during the very hot weather and proved of considerable value. In my opinion it is worth advocating as a prophylactic measure for healthy people during a heat wave.
Estimation of urinary chlorides. -Dr. F. Marsh observed a diminution of urinary chlorides in a case of beat hyperpyrexia (Transactions of the Royal Society of Tropical M!edicine and Hygiene, 1930, p. 257 ). This diminution occurred in the case reported above, but unfortunately no further opportunity arose in 1931 to confirm it. In order to obtain standard figures for healthy people in the tropics as to the amount of chlorides normally present in the urine, daily observations were carried out on three laboratory assistants during the month of August, 1931, when the average shade temperature was 110°. The assistants were employed in sedentary indoor work. An elaborate table was exhibited showing the daily observations of which the following is a synopsis. The Proceedings of the Royal Society of Medicine 28 chloride percentage of 1, or 15 grm. In hot weather, therefore, according to this test, only about half the quantity of chlorides is passed in tho urine, although the percentage remains practically the same. (c) Pathology.--(i) Post-mortem (two cases).-The meninges and brain substance were markedly congested and hyperaemic. The heart was found contracted and stony hard, and the blood was very fluid. Smears taken from the brain, spleen and blood were all negative for malaria. Apart from the above, nothing abnormal was found except in the case of the N.C.O. whose heart showed an advanced fatty change.
(ii) Blood changes.-In one very severe case of heat hyperpyrexia repeated examinations were carried out during the course of the fever; an interesting feature was the leucocytosis and marked polymorphonuclear increase. No underlying disease could be found to account for these blood changes, and on looking up the records a similar finding occurred in a fatal case of heat hyperpyrexia during the 1926 group of cases. The following are the differential blood counts: 
1%
A blood-urea examination in this case carried out one month after the illness showed a slight increase (45 mg. of urea per 100 c.c.).
Prophylaxis during hot weather. (1) Dietary.-There is no doubt that the diet of the British other ranks during the hot weather in the tropics is physiologically unsound. I am convinced that the relative immunity to the effects of beat amongst Indian troops is due, to a considerable extent, to dietetic factors. The B.O.R. will insist on getting his rations, a ration eminently suitable for hard manual work in a temperate climate, a diet too rich in proteins and fat and much too poor in carbohydrates for the tropics. Custom has ordained that the main meal is eaten in the heat of the day instead of in the cool of the evening; some day this will be altered, but-not in our time.
The universal popularity of salted almonds, chip potatoes, etc., in the tropics is due to a natural craving to make good the salt deficiency resulting from excessive sweating, the obvious conclusion is greatly to increase the salt content in the diet. Alkalies are normally present in vegetables; where these are not procurable, the ingestion of small quantities of sodium and potassium citrate added to lemon drinks is advisable.
(2) Fluids.-It is unfortunate that the normal brands of beer supplied in the tropics are so heavy. Canteens should be forbidden to supply alcoholic refreshment until six p.m.; fresh lemon and orange drinks should be supplied at reduced charges to the troops. Well-diluted whisky-and-soda appears to me to be the best alcoholic drink in the tropics, and I have often considered it unfortunate that the B.O.R. is restricted to beer, a notoriously unsuitable beverage in hot weather. Men should be warned that relatively enormous quantities of fluid are necessary after exercise in the tropics; I have a conviction that perhaps due to the windy insufficiencies that masquerade as teetotal drinks, most teetotalers and women do not drink enough fluid to make good tissue loss, and that perhaps is the reason why so many of them crack up in hot weather; on the other hand, there is no doubt whatsoever that the chronic alcoholic is very prone to go down with heat hyperpyrexia, but this is due to two factors, namely, the ingestion of alcohol during the heat of the day and defective excretion of products of metabolism due to diseased liver and kidneys.
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United Services Section 1271 (3) Exercise.-Daily regular exercise is essential and helps to tone up the whole excretory system. Newcomers are rather apt to over-exercise at first; it is a wise rule to lay down a certain standard suitable to one's individual needs, for example, three sets of singles at tennis, and adhere rigidly to this, no matter how much one may be tempted by the competitive spirit to continue the game.
(4) Shade temperature and work.-Apparently a shade temperature of 1200 F. persisting for more than three days, is the essential factor in the production of an epidemic of heat exhaustion and hyperpyrexia as far as Iraq is concerned. Such heat waves are exceptional and usually only occur at rare intervals; I therefore strongly recommend that all routine work be suspended as far as possible during such a period, and that emergency measures in the provision of extra ice, etc., be adopted to deal with the situation. By meteorological observation similar critical temperatures can doubtless be obtained for all tropical stations and the necessary precautionary measures be adopted. Until, however, artificially cooled wards are provided for serious medical and surgical cases in every tropical hospital, the spectre of heat hyperpyrexia will hang like a nimbus over the head of the operating surgeon, physician and patient.
In conclusion, I would like to express my thanks to Group Captain A. V. J. Richardson, O.B.E., Principal Medical Officer, Royal Air Force, Iraq in 1930, for his valuable criticism, advice and assistance in the preparation of this paper, and to my colleagues of the Royal Air Force Medical Service for their cordial co-operation, loyal assistance and helpful suggestions in the treatment of these cases.
